O ne-third of children report having been bullied by their peers according to estimates from the World Health Organization. 1 Childhood exposure to bullying refers to the experience of being a target of hostile behavior from other children (eg, being physically or verbally attacked) 2 ;itisassociated with a wide range of long-lasting adverse outcomes, particularly mental health outcomes such as anxiety. [3] [4] [5] Akey challenge for current research is to probe the causal nature of these widespread associations. Whether cross-sectional or longitudinal, most available studies remain correlational and fall short of being able to infer causality. In particular, most studies are not genetically informative and do not account for genetic confounding. This issue is problematic given that genetic influences account for up to two-thirds of the variation in exposure to bullying, suggesting that being bullied is influenced by preexisting heritable individual vulnerabilities. 6 For example, prior mental health difficulties, personality, or cognitive deficits may increase the likelihood of being bullied. [7] [8] [9] The same set of vulnerabilities may also confer an increased risk of developing adverse mental health outcomes later in life. Such person-environment correlations between individual vulnerabilities and exposure to bullying-or gene-environment correlation when driven by genetic factors 10 -can generate associations that do not entirely reflect a causal contribution of childhood exposure to bullying. To establish causality, experimental designs randomly allocating children to different degrees of exposure to bullying are clearly precluded for ethical reasons. The strongest remaining design is an observational approach based on the counterfactual framework for causal inference. 11, 12 The counterfactual framework stipulates that, to assess the effect of being exposed to a risk factor (eg, exposure to bullying), an exposed individual should ideally be matched with his or her nonexposed self. Because exposed individuals are the same as control individuals in this ideal scenario, all possible sources of genetic and environmental confounding are controlled for. Naturally, an individual cannot be exposed and not exposed to a risk factor at the same time. Therefore, causal inference methods aim to approximate this ideal scenario. One such powerful method is the twin differences design, in which one twin is used as a control for the other, thereby accounting for shared environmental and genetic sources of confounding, in part for dizygotic (DZ) twins and fully for monozygotic (MZ) twins. Because of small sample sizes, twin studies on childhood exposure to bullying have not fully implemented this cotwin design (which requires obtaining separate DZ and MZ estimates) except for 2 studies. 13, 14 Arseneault et al 13 found that MZ twins who experienced being bullied between the ages of 7 and 9 years (assessed by mothers at age 10 years) had significantly more internalizing problems at age 10 years than did their co-twin. Recently, Silberg et al 14 examined the contribution of being bullied by peers in childhood to psychiatric disorders in childhood and young adulthood. In MZ analyses, significant concurrent contributions of exposure to bullying were found for anxiety and attention-deficit/hyperactivity disorder in childhood and for suicidal ideation in young adulthood (but not in childhood). Owing to sample size, these analyses were conducted only on a subset of available psychiatric outcomes. In addition, contrasting concurrent vs long-term contributions of childhood exposure to bullying was not possible for most outcomes. Finally, binary measures of bullying across both studies limited power and the ability to study different dimensions of childhood exposure to bullying. To our knowledge, our study is the largest prospective study to date to use a stringent, genetically informative design to test the degree to which childhood exposure to bullying contributes to mental health difficulties and test whether direct contributions of exposure to bullying persist over time.
To this end, we used a multidimensional measure of childhood exposure to bullying assessing different forms of bullying (physical, verbal, social, and property-related) as well as comprehensive multi-informant, multiscale assessments of mental health. Outcomes included anxiety, depression, hyperactivity and impulsivity, inattention, conduct problems, and psychotic-like experiences.
Methods

Participants
Participants were drawn from the Twins Early Development Study (TEDS) and were born in England and Wales between January 1, 1994, and December 31, 1996 (details in eTable 1 in the Supplement and elsewhere 15 ). The 11 108 twins included in the final sample (5894 girls and 5214 boys) were a mean age of 11.3 years at the first assessment and 16.3 years at the last assessment. The number of twins for each outcome ranged from 11 108 to 4706 (subsample at 14 years of age) depending on age, informant, and number of pairs with data available for childhood exposure to bullying and each outcome. Data collection took place when the participants were between 11 and 16 years of age from December 1, 2005 , to January 31, 2013 . Written informed consent was obtained from all participating families. This study was approved by the Institute of Psychiatry, Kings College London, Ethics Committee. me"), verbal bullying (eg, "Called me names"), social manipulation (eg, "Tried to make my friends turn against me"), and property attacks (eg, "Tried to break something of mine"). The twins rated how often they experienced events mentioned under each item during the past year on a 3-point scale (0 = not at all, 1 = once, and 2 = more than once). Cronbach α was 0.91 for the total scale and 0.80 to 0.84 for subscales.
Outcomes were measured at 11 and 16 years of age and included total mental health difficulties, anxiety, depression, hyperactivity and impulsivity, inattention, conduct problems, and psychotic-like experiences (ie, paranoid thoughts, hallucinations, grandiosity, cognitive disorganization, anhedonia, and negative symptoms). The questionnaires are described in Table 1 , [17] [18] [19] [20] [21] [22] and Table 2 and Table 3 detail each outcome: timing of assessment, scale(s), and informant(s). eTables 2 and 3 in the Supplement contain findings from teacher ratings and outcomes that were excluded from main analyses (prosocial behavior and peer problems).
Statistical Analyses
Statistical analysis was conducted from January 1, 2016 , to June 20, 2017 . Three main types of estimates of the relationship between childhood exposure to bullying and each outcome were obtained: unadjusted phenotypic estimate, estimate from twin differences in DZ same-sex twins, and estimate from twin differences in MZ twins. 23, 24 For phenotypic estimates on the entire sample, the nonindependence within twin pairs was accounted for by allowing for a within-twin correlation. 23 Maximum likelihood esti-
mates were obtained in the Structural Equation Modeling
Lavaan package, version 0.5-20, in R. 25 For DZ and MZ estimates, an ordinary least square through origin regression (ie, without the intercept) was conducted, regressing within-twin differences in outcomes on within-twin differences in childhood exposure to bullying. 23 Positive regression estimates mean that the twin who was more exposed to bullying also presented with higher levels of mental health difficulties. To account for nonnormality and nonindependence, robust 95% CIs were obtained by bootstrapping (10 000 repetitions). Dizygotic twins share 50% of their segregated genes on average and 100% of shared environmental influences. Similar to a fixed-effect sibling design, DZ estimates are therefore more stringent than phenotypic estimates because they account partly for genetic confounding (eg, prior genetically influenced individual vulnerabilities) and account completely for shared environmental influences. Monozygotic twins share 100% of their genes and shared environmental influences; therefore, MZ estimates represent a further improvement compared with DZ estimates. Although they are extremely stringent, MZ analyses do not account for within-twin differences that can arise from nonshared environmental factors preceding exposure to bullying. For example, a preexisting vulnerability for anxiety caused by nonshared environmental factors in one twin compared to his or her co-twin may at the same time evoke exposure to higher levels of bullying and explain later levels of anxiety. For each analysis, we therefore conducted an additional analysis controlling for within-twin differences at earlier ages (eg, controlling for prior within-twin differences in anxiety when examining the direct contribution of exposure to bullying to anxiety outcomes). When the corresponding measure was unavailable (eg, for paranoid thoughts), we used the total difficulty score instead. We considered parenting variables as additional potential sources of nonshared environmental confounding; parenting appeared unlikely to bias MZ estimates (eTable 4 in the Supplement).
Longitudinal Analyses
We conducted 3 sets of analyses: concurrent, 2 years after exposure to bullying, and 5 years after exposure to bullying. In concurrent analyses, both the childhood exposure to bullying and the outcomes were measured at 11 years of age. In the 2-year analyses, we used the subset of participants for whom exposure to bullying was assessed at age 14 years and outcomes at age 16 years. In the 5-year analyses, exposure to bullying was measured at 11 years of age and outcomes at 16 years of age. Analyses were conducted with the overall exposure to bullying score and repeated for each subscale. We further probed the relationships between exposure to bullying and mental health by testing for moderation by sex and nonlinear associations.
Results
The Figure provides an illustration of the 3 types of estimatesphenotypic, DZ, and MZ-for the concurrent, 2-year, and 5-year analyses. Based on the total mental health difficulties score, the Figure also illustrates key patterns of the study findings. First, the decrease in effect sizes from phenotypic to DZ and MZ estimates shows the importance of shared environmental and/or genetic confounding in explaining observed associations. Despite this decrease, MZ estimates remained significant for the concurrent and 2-year analyses, supporting an association between childhood exposure to bullying and total difficulties. Second, this direct contribution of childhood exposure to bullying decreased as time from the exposure increased. Findings for all outcomes are presented below in chronological order. Table 2 presents phenotypic, DZ, and MZ concurrent estimates at 11 years of age arranged by outcome, age, scale, and informant. Findings from teacher ratings (eTable 2 in the Supplement) were largely consistent with parent ratings. Descriptives are presented in eTable 5 in the Supplement. Phenotypic estimates showed that childhood exposure to bullying in the past year was significantly associated with all mental health outcomes across all informants. Most of these 
Concurrent Estimates
DZ twins
The decrease in size from phenotypic estimates to the most stringent monozygotic (MZ) estimates (eg, 3 concurrent estimates) and the decrease of estimates as time from the exposure increases are displayed. Childhood exposure to bullying and mental health outcomes were assessed at the following ages: 11 years (concurrent), 14 and 16 years (2 years), and 11 and 16 years (5 years). The whiskers above and below each estimate indicate the 95% CI. DZ indicates dizygotic. 
Two-Year Estimates (Subsample Analysis)
Findings and descriptives for 2-year estimates (from exposure to bullying at 14 years of age to outcomes at 16 years of age) are in Table 3 and eTables 3 and 7 in the Supplement. All phenotypic estimates remained significant. Effect sizes tended to lie between the concurrent and 5-year estimates ( Figure) . In MZ analyses, the total difficulty score, childrated and parent-rated anxiety on 3 different scales (Strengths and Difficulties Questionnaire, Childhood Anxiety Sensitivity Index, and Anxiety-Related Behaviors Questionnaire), paranoid thoughts, hallucinations, and cognitive disorganization were significant. When further controlling for prior within-twin differences (eTable 8 in the Supplement), child-rated and parent-rated anxiety, paranoid thoughts, and cognitive disorganization remained significant (for paranoid thoughts and cognitive disorganization, there were no prior corresponding measures, so the total difficulty score was used instead).
Five-Year Estimates
Findings and descriptives for 5-year estimates (from exposure to bullying at 11 years of age to outcomes at 16 years of age) are in Table 2 and eTables 2 and 9 in the Supplement. All phenotypic estimates remained significant, although they were smaller than concurrent and 2-year estimates. However, in the MZ analyses, only paranoid thoughts, cognitive disorganization, and the total score and inattention score on the Conners scale were still significant. The total score and inattention score on the Conners scale did not survive additional control for early within-twin differences in these behaviors (eTable 10 in the Supplement).
Additional Analyses
Analyses for the physical subscale are in eTables 11 to 13 in the Supplement, analyses for the verbal subscale are in eTables 14 to 16 in the Supplement, analyses for the social subscale are in eTables 17 to 19 in the Supplement, and analyses for the property-related subscale are in eTables 20 to 22 in the Supplement. Intercorrelations between subscales are in eTables 23 and 24 in the Supplement. Overall, findings for the 4 subscales were consistent with findings for the total exposure to bullying score in terms of significance and timing of direct contributions, particularly for physical and social bullying. We found no robust evidence of moderation by sex or nonlinear relationships (eTables 25-27 in the Supplement).
Discussion
We have provided stringent evidence that childhood exposure to bullying directly contributes to multiple mental health domains. In particular, findings were consistent across multiple informants and multiple scales for concurrent depression and anxiety. Increased levels of anxiety persisted in the short term (2 years), while findings indicated a small but enduring contribution of exposure to bullying in childhood to paranoid thoughts and cognitive disorganization.
Exposure to Bullying and Mental Health: Confounding and Causation
In line with extant research, we found widespread phenotypic associations between childhood exposure to bullying and mental health, with all estimates being significant. Most estimates were reduced but remained significant in analyses of DZ twin differences. However, few estimates survived the most stringent MZ analyses, which control entirely for shared environmental and genetic influences, particularly when further controlling for preexisting individual mental health vulnerabilities. Overall, this pattern of findings suggests that reported associations between childhood exposure to bullying and mental health outcomes likely reflect, at least in part, multiple vulnerabilities of bullied individuals rather than a causal contribution of childhood exposure to bullying. Furthermore, all phenotypic estimates but very few MZ estimates remained significant in the 5-year period. Causal contributions may therefore be shorter lived than confounded associations. These findings underscore recent calls for the use of more stringent causal inference designs in developmental psychiatry, [26] [27] [28] particularly when assessing the long-term consequences of childhood exposure to bullying.
9,29
The MZ twin differences design provided strong evidence of the concurrent contribution of exposure to bullying in childhood to the total difficulty score, depression, and anxiety. Findings were consistent across informants and scales. The 2 previous discordant MZ twin studies reported significant contributions to overall internalizing problems 13 as well as social and separation anxiety 14 in childhood. We also found evidence of a concurrent contribution of exposure to bullying in childhood to hyperactivity and inattention symptoms, as well as conduct problems. However, these contributions were not consistent across scales and informants and should be interpreted with caution. One previous MZ discordant twin study also found a concurrent contribution to attention-deficit/ hyperactivity disorder but not to conduct disorder, and did not examine long-term contributions for these 2 outcomes. 14 Taken together, these findings represent the most stringent evidence to date, to our knowledge, of the immediate detrimental contribution of exposure to bullying to children's mental health. In addition, beyond the documented genetic correlation between childhood exposure to bullying and paranoid thoughts, 30 our twin differences analyses suggest that exposure to bullying in childhood affects paranoid thoughts and cognitive disorganization in adolescence, although this may not persist into adulthood. The present findings can guide targeted research aiming to uncover mechanisms underlying the contribution of exposure to bullying in childhood to anxiety, paranoid thoughts, and cognitive disorganization. Promising candidate mechanisms can be investigated at multiple levels: altered neurocognitive profiles in children who experience bullying (eg, modification in threat and trust processing leading to paranoid thinking), alterations in brain response (eg, stress axis), or epigenetic mechanisms.
32,33
Childhood Exposure to Bullying and Resilience
As time elapsed from exposure, the direct contributions of exposure to bullying in childhood to mental health dissipated. Most contributions were not maintained after 2 years. Particularly striking were the strong concurrent contributions to anxiety that were reduced but still present across informants after 2 years, which had dissipated entirely after 5 years. Similarly, direct contributions to paranoid thoughts and cognitive disorganization were smaller for the 5-year vs the 2-year period. This pattern of findings highlights the potential for resilience in children exposed to bullying. Consequently, a more hopeful message can be delivered to children and families, acknowledging the suffering endured by children being bullied, while supporting resilience processes on their path to recovery. Further studies should seek to establish fine-grained timing toward resilience. Kelleher et al 34 reported a decrease in psychotic-like experiences as rapidly as 3 months after the bullying had ceased. Furthermore, future studies should aim to identify protective modifiable factors, such as school support, that may facilitate rapid recovery.
35
Implications for Interventions
Interventions designed to prevent exposure to bullying remain important to avoid prolonged exposure to an experience that can induce anxiety and depression. However, such interventions have not proven to be universally effective in reducing the level of exposure to bullying, 36 and complementary approaches are required to best help children and young people. Our findings highlight the importance of preexisting vulnerabilities (eg, previous mental health difficulties), which in part account for the associations between childhood exposure to bullying and mental health. Exposure to bullying may be viewed not only as a cause of adverse mental health but may also in part represent a "symptom" of preexisting vulnerabilities. This finding has implications for secondary prevention of mental health difficulties in children exposed to bullying. Specifically, we must be mindful in any prevention effort that our goal should be not only to stop the bullying but also to address potential preexisting vulnerabilities to improve mental health in the long term. We propose that combining programs of childhood bullying prevention as well as individual work with vulnerable children by addressing existing mental health problems and promoting resilience will yield the best outcomes. Such work must be undertaken sensitively to ensure that children exposed to childhood bullying are not in any way seen as responsible for being bullied. Rather, these findings simply indicate what is commonly understood in clinical and educational settings: that some children are more vulnerable and require greater support to meet their full potential.
Limitations
This study has some limitations. Although it is considerably more stringent than nongenetically informative observational designs, the twin differences design does not account for nonshared environmental confounding factors, which might exaggerate the contribution of childhood exposure to bullying. To reduce this bias, we adjusted for prior within-pair differences in mental health difficulties. However, such prior measures were not available for all outcomes, particularly for paranoid thoughts and cognitive disorganization. It is therefore possible that preexisting paranoid tendencies owing to nonshared environmental factors affected the reporting of exposure to bullying. Although we carefully considered the possibility of nonshared environmental confounding, we were unable to control adequately for other forms of bullying (eg, sexual bullying), which might have overestimated the independent role of childhood exposure to bullying. In addition, multiple-informant, multiscale assessments were not available for all outcomes. Therefore, we could not account for shared method variance bias equally well for all outcomes. Despite modest differences in demographic characteristics between the samples used in the analyses, the level of attrition may have influenced the findings. Finally, our findings do not entirely preclude the existence of long-term causal relationships, as childhood exposure to bullying may contribute to unmeasured mental health outcomes 10 and outcomes outside mental health, 29,37 and contributions may be limited to subpopulations.
Conclusions
We reported robust evidence of the direct contribution of exposure to bullying in childhood to symptoms of depression and anxiety, as well as indications of a contribution to paranoid thoughts and cognitive disorganization. Our finding that this direct contribution dissipated or reduced over time highlights the potential for resilience in children exposed to bullying. This finding also highlights the need for further investigations into mechanisms of resilience that could be harnessed in future interventions. In addition to primary prevention aiming to stop exposure to bullying, secondary preventive interventions in children exposed to bullying should address prior vulnerabilities, such as mental health difficulties, if we are to achieve a long-term impact on mental health. Note. The Twins Early Development Study (TEDS). Twin births between 1994 and 1996 were identified through birth records by the United Kingdom Office for National Statistics. A total of 16,810 families responded to the office to acknowledge their interest in taking part in the TEDS study. A first contact with these families was made by TEDS team when the twins were about 18 months. A total of 12,593 families returned data for this first contact. eTable1 (above) shows the characteristics of these respondents. These characteristics mirror very closely the data from the U.K. census data. UK Census data from the 2000 General Household Survey is used rather than more recent data because they provide more appropriate comparisons for the TEDS Twins used in this sample who were born between 1994-1996. As such, TEDS families appear reasonably representative of the UK population. For the present study, twins who did not provide consent on first contact with TEDS, with unknown zygosity, or with severe medical or neurological problems were excluded from all analyses. The characteristics of the 5,554 families included in the current study sample are presented also in eTable 1 (above) and match closely with the first contact characteristics. The biggest difference is maternal education, with an 8.20 percentage point difference between mothers with A-levels of education or higher in the study sample as compared to the TEDS first contact sample. MZ = Monozygotic Twins. The three last rows present the characteristics for three subsamples, that is for the outcomes with the lowest N for our three longitudinal analyses (concurrent, two-year and five-year). Note: As a sensitivity analysis, the possibility of additional non-shared environmental confounding by parenting variables was explored. Several variables that are conceptually related to other forms of early victimization were used, including harsh parenting and negative parental feelings. Parental Discipline was assessed using questions adapted from a semi-structured interview 1 . From this measure, we derived at a mean score for harsh parenting across time ("Give a smack or slap" and "Telling off or shouting", assessed at age 3, 4, 7, and 9) and a mean score for positive parenting across time ("Explain to child, or reason with child" and "Be firm and calm with child", assessed at age 3, 4 and 9). Negative parental feelings were assessed using items from the Negativity subscale of the Parental Feelings Questionnaire 2 , assessed at age 3, 4, 7 and 9. Phenotypic, DZ and MZ estimates were computed following the procedure described in the manuscript for main analyses. 
Note:
In MZ twin analyses, we further controlled for within-twin pairs differences in prior mental difficulties measured at age 7 and/or 9 years. Twin pairs had to have complete data on peer victimization, the respective outcome measures and prior mental health measures in order to be included in these additional analyses. In order to maximize available Ns, we averaged measures across ages 7 and 9 years. This procedure was followed for all outcome measures, except for the Conners scale, where data was collected at age 8 years instead. Wherever possible, the corresponding baseline measures were used (e.g. SDQ parent-rated anxiety when examining the SDQ parent-rated anxiety as an outcome). When not possible, the next best option was used. Detail on measures that were used to generate this score of prior mental health difficulties aree presented in the columns labelled "Baseline 7 years" and "Baseline 9 years". To facilitate comparison, we present MZ differences without this additional adjustment in the column "MZ". These analyses are the same as in the manuscript but with a smaller N due to missing data on prior mental health measures. The column "MZ baseline" contains the MZ estimates when controlling for prior mental health difficulties. Because the "MZ" analysis and the "MZ baseline" analysis were conducted on the same sample of participants (no. of pairs can be found in the column "Total N"), any change in significance between "MZ" and "MZ baseline" is due to the baseline controls being added into the regression, and not due to a change in sample size.. All significant estimates are presented in bold. SDQ including Peer Problems refers to the four difficulty subscales of the SDQ: Anxiety, Hyperactivity, Conduct Problems and Peer Problems. Note: Sex differences in the effects of victimization on mental health outcome were tested by estimating two phenotypic models: 1) unconstrained model (i.e. parameters allowed to differ between sexes); 2) constrained model: regression parameter reflecting the association between mental health and victimization allowed to differ by sex. The two models were then estimated using a Maximum Likelihood Robust estimator and compared using a scaled difference chi-square test statistics, following previous research 3 , implemented in the SEM software Lavaan. * adjusted p-value estimates using the false discovery rate procedure to control for multiple comparisons (k=72) Note: The phenotypic models reported in the main manuscript tested a linear relationship between peer victimization and mental health. A plausible hypothesis of a non-linear relationship is that peer victimization has increasing impact at higher levels of exposure. We tested such possible nonlinear relationships by adding quadratic terms into the phenotypic models and bootstrapping the estimates. According to the aforementioned hypothesis, we would expect positive quadratic terms (i.e. flat or low effects at low scores of victimization and more rapidly increasing effects at higher scores of victimization). All estimates were bootstrapped. Significant estimates are presented in bold.
